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1020030036189 #^ 2003/8/7 

[5!EI^] ^61 

[§5^1] 0001 

[XUSgJAT] 2003.06.05 

[^JII^dlMfll Q02B 

[»S2| S^SS!] BIDIRECTIONAL OPTICAL COMMUNICATION MODULE WITH 

REFLECTOR 

[33] AV/d^J^AlSJ^ 

[M§!£J3H] 1-1998-104271-3 
[CHBiei] 

[g@] 0|2J^ 

[ CH E| ei 3 H ] 9-1 998-000339-8 

[Si^Si^eiS] 2003-001449-1 

g^SDi] KIM.Kyoung Youm 

[^Sis^eis] 750228-1721819 

430-042 

[^^] 3 Jit SJgfAl youp aj^2# g XI a El- 9-103 

[^3] KR 

[£S£| S^SJI] KWON.Oh Dal 

I^eJi^SS] 621027-1490313 

442-726 

[^4:] 32l£ =££!A| WiT^ 1 Sii A 923-902 s 

l=*m KR 
[3fr9»] 

[£JS°I ^^S^l] OI^S 

gSH3|] LEE.Joo Hoon 
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1020030036189 SJXh 2003/8/7 

[^2JM&!1>] 710102-1063412 

449-846 

206-801 

[^3] KR 

imm mm^ ni42^°i ^§chi °\m m& , mmm xii6os°i ^§ 

oil °ieh ss!^ s s?imo. ch e.i oi 

[^l^iiS] 20 £ 29,000 2! 

[JftftaS] 9 S 9,000 2! 

0 2 0 SI 

[£A^?S] 17 » 653,000 S 

[&3HI1 691,000 a 
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1020030036189 #^ Q*}: 2003/8/7 

^"71 aVA>^Sl 71^^ ^"Ofl «U>#^ «VA>7lsq-; Aj-71 «U>7H1 

^71 t&AMS. ^W^, ^\7\S.^ ^"71. #^ £4 

$1*1 ^l«fl 7i^>£]^ 3* #*1*}£0_^, «VA>^^ 

£ 6 

^1-71, i^el^-Lsflu], 

27-3 



• ■ 

1020030036189 #^ ^^>: 2003/8/7 

wVA>7ll- ^wl^>^ 5.^ {BIDIRECTIONAL OPTICAL COMMUNICATION 

MODULE WITH REFLECTOR} 

£ l£r #2fl 7] #2] ^1 A] A] ucf-g. ^h o V^ ^^A] j^o] «lA}7l 1- u^ifl 

1-1- M-e^^ 

i 5^r £ 3^1 £A]^ otav^ #^A] s_^-2) til A> 711- I^SH ^Bl-tfl^ 
£ 6£r 5. 5^1 £^51 <#w 0 V%t -E.#^ «>A]-7ll- M-Bftfl^ s%#5L, 
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If I 

» * 

1020030036189 2003/8/7 



204 : ^>7l 217b : 7]^^ 

249 : tiVA}^ 241 : 



71^ ^ ^*Rr A^SAi, <yaV^o.^ g:^ S.^u] 7 ]# tfofl £e] #5fl^ 

founder cladding layer), ^ ^fl^ 3.0] %-( core layer), #2fl^ #(over 
cladding layer)* *ms. *\)^S\51 

<16> ^-#Al^ ^Alcfofl^ ^jr^- ^^a|7|^ ^ vJJli- ^#*>7l 

^tr ^#7l7> ^7] ^-^#7lfe ^Al^-ofl 
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1020030036189 #3 ^*}: 2003/8/7 

#^^1 ^12]-^ 7) i t-iq-. <#w 0 >^ #^a] -E-^H ^4 ^^#7l^ cf^ 

^ (cross-talk)^: ^4i^>7] Jfl*M, ^sj- f^f;]^ #^a] £fs] <£ 

^ofl ol^El o^ofl ^^^Cf. ^#7l7> *\3L o] ^ ^ <%x}6\] ^)^7) 

^, %^ #3#7l ^ ^7>^ aVA>7ll- ^^7lofl 

£ l£r ^2fl 71 *fll AJa] oflofl UHE oj:w o >^ #^A] 5.^0} aU>7l«- uf^tfl 

^ S^ojjL, JE 2^ ^Sfl 7l^<5] ^12 ^A] ^ofl 4S. <#K^ 5-^2) 

M-B^ifl^ S^t}. £ isf S. 2«fl £A]sl w]-^- -*7l «VA> 7](104)^r %^ 

^A] j^o] ^cJ^(117)<Hl ^-^^(Ul)-i; ^ ^ ^a^ O.^.*) ^l^cf. Aj-71 aV 
A>7l(104)^ #^^1 -E^- ^Hl^i, Cf^7l5.^-E^ ^K]3Ll- ^#715. 

^^Al ^A^^-Ei ^Aljr- 4^Sj-7lS ^^Al7l7fl ^Cf. oj ^ , 

E l°fl £A]^ ti>A> 71(104)^1 ^-2:^ -g-^fiHUlH ^ £54S(143a)^ 'H'EHl 
^H, -#7) ^ £2rS.(143a, 143b)^ bJ-t=H1 .£45- (134) 2}- #3 £2}-3.(133) 

7> sM^^f. Aj-7l ^1-71(104)^ ^2°^ £sl-S(134)^ ^ JE2}-5( 133)7]- o] 

^ ^5L 9 b ^ 10° vfl^l 40°5L^ , ^ 51^ 3- zJ-JEl- ol^A^ tiVA> 71(104) Si 
(141H #71 £S)-S.( 134)^1- #<N £3|-S(133)7f a^s. 3^*1^ ^Efloltq- 
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1020030036189 ^ °AA- 2003/8/7 

<19> £ 2<H] £^1^ tt>A>7l(104)Sl ^oflAf £S|-5-(134)sf £21-5.(133)71- o] 

-f-^r e b fe 2° 5°s.^i ti]jn^ ^ oi^-^A-i ^ 

(143b)^ i£HMW ^13. ^*1tt ^^14. 
<20> aV 7 ) 9\ tiVAl-71 (104)1- ^ti^Rr ^Sl€- HiTr 

(photolithography) -f-*U 3.°]^^ a];^ Jp, £_tH #efl^ cj-^ 

sl-71, £4^- afl^V^, ^1-71(104)1- ^1^1-71 ^ 71^ ^(117)* 

(dicing) SE^- <2*Kpolishing)t!: ^^(141)* f^*r7ll ^t}. o]g\- ^ cgytfr 

s.^ g ^>7i « ^7fsi-^ -g-oj^Tfl oi«q« ^ ^ ^oitj.. 

aVA>7l^ JEE^r ^jo] ^a o v > ^.g. mfm olufls. #ol^c-ll *V7fl7> 

5£t}. ^1*H, ^>^^1 $1*1, ^ ^ol7> -gTfl ^4 ^sWoL, 

^J17> ti_U>7ll ^v+fe ^o> ^^7l2l7> VOW 77}*} ^ ^ 

*lth4. #4^4! 2-1-21 «>A>^el ^^17> ^aq- Til ^1^0.5.^, tiVA} 

-irol ^*>J1 #41 -M ^ol ^7^Hr S-*«3H 5^. 

<22> AVyjsq. ^fl^* 5fl^^>7l ^th ^fil *VA^ o^jo} ^n^f 

^*1^, ^>^T ^ 7flAj^- «VA>7ll- ^K]f>}$= <#« 0 ^ #=£4^ 3. 
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1020030036189 <Q*}: 2003/8/7 

<23> #71 SJ- 4=-^ ^f>}7) $\*}°), °J=^ #^Aj -2-t:<Hl , 

<24> t^llt ^ ^ A] 71 ^ £31-5.31-; #7l ^ £SfSt -f-^fl ^KiiL-t 

^1^171 ^*fl, #71 ^fcL^fcL^ ^71 ^ 5L3\-S. <£#£} 

51^" JES^ZLEfl^ ^6\] o\z% ^ #71 tiVAf^^ 7 ]7l^ Aj-ofl 

^WSr i^Hfr «>A>7lSl-; #71 1VA>7H1 <q*fl ti>A>Sl ^#Jr«- #^Al 71^ #^ £ 
#71 <^ ^ ^^S]^ ^-#^1- #7l «VA>7l^ ^^H^O., #7l *} 

A>7lS^-Ei «}A>51 #A]Jl«- #71 #^ Si^SS- #^Al7l^ ^ £4^1 ^l^Rr 

^ #3^41 S-l-i: 711^1^. 

<25> J£*>, %^3L °1 7>^ <8=^ #^A] 2-1:^1 9X<^^\, 

<26> q-^sl-sl ^-#^1- t^#7l4 *fll isj-S.^ ^cf^sfsj MS €-8: 

<27> #71 ^12 £45.1" ^ ^d^€ £3fS^ cHLofl ^4-51^ ^-#S« «>Al.Al7l 

t>A}fs ^ 

<28> #7l tiVAf^ofl ##Jl-I- SjA>Al7l7luj- # 7 1 tiVA>^ofl <£] Sfl ti>A>^ #S7> #A]-£l ^ 

^13 £4St ^tils>Jl, 

<29> #7l «>A>^ #7l ^1-21 ^cJJfS-^ <£#5q.£4=- 5E£Sl ^ZI^S] 

^ofl tiVA}^ 7l7l^ #ofl ^Aj^ ^lO^ S>±=. Oj:*^ S -g- 

* 7^1^. 
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1020030036189 #=j 2003/8/7 

<3i> £3^-& tii-^^tb ^1^1 4# ^>7i» ^wl^Hr ^ y o v ^ a 

lr(200)^r M-tHfe £^14. £ 3 ofl ^ ^o] , # 7 1 at 

(200)£-, SE^r 71^(201) A <H1 ^c] #5fl^ #(202)^>] ^#5)31, #7] 

t\ #efl^ #(202) ^ #(ol£Al)o] tg>^ iS^^ZLEfls] ^ ^ -f-^fl 
i2<H $L*] f^H, ^3*71(203), «>a>^(249; £ 5^1 

^ #£45.(231, 232, 233, 234)1:°] ^€^r. ^HH* #^^1 2-t 

(200) tfoflfe #^(213)4 ^#7l(211)7> ^^M, ^71 ^^-71(203), 

a>A>7l (204) , #31(213) ^ #^#71(211)^- #7l #£J*3/i:(231, 232, 233, 234)^ # 
sfl #JL ^^^4. A o v 7l «VA>7l(204)^ ^71 #^^1 Sl-(200)sl <a^:^(217a) 

CLS-^-Ei tilA>^(249) vflofl ^-^#(241; £ 5<H1 5.^)^8: ^sRr ^ 

°H, A o v 7l tiVA]-^(249)^r ^-71 «U)-7l(204) ^*ls] ^S-* ^^>7l ^ *H S. 

<32> ^-7] cf^sl-7l (203)^ H o v %H! £tM (directional coupler), t^£.H. ?V^7il 

(multi mode interferometer) BE-fe- £sj-s.<g ^7)-(arrayed waveguide grating) °] 
*r 5U^. £ 3£- ^-71 ^5^71(203)5. ^^7]7V ol-g-^ ofl# SlA^i & 

^f. A o V 7l r4^s}-7l(203)fe 1-^1 ^ ^ ^ o.^. ^ ^A]5]fe #^1^1- ^-71 
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1020030036189 #^ 2003/8/7 

^#71(211) ^AS #3^1, ^-7] ^ (213)^.3.-?- B\ ^if -f-^l D o v ^ 

<33> £ 5^ £ 3°fl ^« 0 >^= #^H0 3.^(200)^ ^>7l# tJ-tflsH M-B^ifl^ 

S^olc}. £ 5°fl v}9\- Qo] t a o v 7 ] ti}A>7l(204)fe ^"71 <a=«<J-^= 3h£^*] 

(200)^ ^^°fl «>a>^(249) vflofl -g-4^(241)-g- ^ ^ ^ ^ 

<34> ti>A>^(249)^r i£e]^ZLEflSl ^-Sfl ^ ^7} <#^Q #^^1 

2.^(200)^ ^^A^-^ ^o]w o v^o.^ *g^°)JL, s&7] «Va>^(249)54 ^7) 

tt^r-Q. 2.^(200) A o v ^ ^3>S(243a)7> 7l ^ ^(217b)<^l ^#(241)^- 

3Ett ^3|-a1^o.s^1 til:A>7l(204)7> n^-aH , #7] «Va>^(204)^ 7}z\*& 

(217b)^ #7] ti>A>7l(204)^ tiVA>^o.S. ol^-^cf. ojufl, ^7} «Va>^(249)* 
91°], iSB^HSflS] ol^-^-o. S M| ( ^.7] oU>7K249), ^1^3. #7l 7l^^ 

(217b)^ 31*1^ ^^^1- ^*>7fl ^cf. ^EflSl ^ ^ <g D > «}A>7l^ 

<35> #7l #J£s|-S(231, 232, 233, 234)-I-£: W^ B o v ^-ff-sq- tff^sM (203) 

°HH ^Jl^ ^l^Rr *fll 513^(231), #7) cf^5|-7](203)S-^-Ei 

t^Jlt #^#71(211) ^fSLS- #^^7lM- #-&JL^Ei t^llt A o V 7) 4 

^S)-7l(203)S ^^Al7l^ = 7 fl oj^l-o) ^2 £4^.(232, 233), -* 0 M «]-A>7l 

(204)2}- #^1(213) ^fl^Kr *fl3 S. 3^(234)3. ^ 

. ^7} tiVA>7l(204)^ ^-71 (213)^.5.-^- ^-Ai^l- >g-7l Cff^5|-7l(203) 
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1020030036189 #^ 2003/8/7 

f£0_3_ >ft ^Cf. #7] tiVA>7l(204)^ #3 <>IM , # 7 1 ^3 £x45(234)^ #7l 

#€(213) £5-^1 13:^ #7l a>A>7l (204)5. ^^1^1^ ^ ^ ^S^IO., 

#7] *fl2 £21-5.-1- (232, 233) ^ ^H+Sl £2>5^ «Va>^ f^if # 7 } cff^ 

71(203) #£5 #a>a]71^ #^ £2}5<>ltl-. 
<36> ^ , £ 4^ #7l cf^S)- 71(203)5 ^££ ^7ll7> ol-g-sj s^l^ji & o_ 

*1, W7l(204)^ *fl3 £545(234)1- ^ #7l #3#7l (211H1 3^r€ ^H^. ^f, 
#71 tiVAV7l(204)^ #7l C^j^l (203)5^ fl-gjt* «>AVAl^ #7l ^-^#71 

(211)5 <^A|7l7ll slcf. £ 4<^fl £a^ ^> 71(204)^ #7l ^12 £21-5(233) 

# °J^^V, #71 ^13 £21-5.(234)1- -^^fl #71 ^#71(211) ^£5 

#^s>7ll £4. 

<37> £ 6£r £ 5°fl £A]sl ^wj-^ #^^1 £1-^1 ^711- M-Bfifl^ ig^iojq-. # 

71 tiVA> 71(204)^ ^ £2>5(243a)l- -f-*ll #7l A]2 £2>5(233)Sl- *fl3 £sl-5(234)oll 
^^A. £ 6^1 £Al^ «>Al-7l(204)^ A2 £5>5(233)5q- *fl3 £5>5(234)7"|- ol 
-f-fe ^-£(e b )7> 2° vfl*l 5°olJl, ^ £2V5(243a)l- *}a} 7 K204H1 ^^£l^ 

<38> £ 6^1 £Al^ tiVAf 71(204)^1 ^-A>^(R)^ j£ 7 ) 7)^\^, ^ ^a)-^ (217b) ^ 31*H 

€[7]9\ 1>5 ^^l^Cf. 

[*T*H 1] x 

<40> <^7HlAi ( Rq^ A^j ^ tiVAV^, no^ m^r ^ #7l ^2, ^13 £31-5.7}- ^*1 

*r ^ £2V5(243a)^lAi afll, afl2 £££} -frjL ^"i:, hJ-^, 
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1020030036189 2003/8/7 

d^r #7l 7l^^(217b)^ $1*1 €3-, ^ &4 ^>7}^ $1*1 ^ *> 

« 3*13:^. 

<41> «VA>^(217b)^ ^5Kd)^ ^-§-*l(d 0 )Tr #71 «M]-7l(204)^ ^p>7>^1 

<r 5flfe7H ^3 Si^. ^. #71 «>A>^(217b)5l ^*1 ^(d)<Hl 4^ #71 «V 
^>7l(204)5l x dB^l §l-g-t!:^, #7l ^>^(217b)^l $1*1 ^(d)^ ^ 

-g-*l(do)fe *>7l5l <^«H 2>S ^€4. 

<42> , 

^0=^-7"^ v- cos 1 (2*10- 3f/10 -l) 

2] 4*<« 0 -«i) 

<43> olufl, £4^(233)^1- *fl3 -£5^(234)7} 2° ifl*l 5° 51 ^£5. 3*l*lfe ^-$-, 

#7l afli ^ *fl2 a=2l #^^r(no, ni)£r i^S.^ -*d^-( 1 inewidth)^ ^-g- ^Tfl € 

<44> A o V 7 ] tiVA>^ (241)^1 ^1^1 7> *<S*|-t|-fe ^3 *HH, S-^-SSl ^ ^oj) ^ ^j. 

<JhM~i:(R) l+b}u|1^ ZL2flH(10)7> £ 8^1 5=*l^t|.. i^el^ZLsflsl ^ofl ^ 

^1^1-51^ H^S^I ^-§r <£?m°-£- -£31 d0.2^n2l M-El-^cf. £ 8 

ofl £Al^ ZL2flH(10H 4=-^, SSl-S.21 ^d#o] 0.2^^- ^>7> lH3*>£* 

^-ir(R)^ cfl^ 0.2dB^# 7-1^^- ° & v ^ 5M. 5^5- ^21 £sMl ^l^ «Va>^- 
(RH ^sV^ofl 4^, #71 71^^, ^ «VA>^(217b)^l $l*l^r ^ ^^Ml afl<H3°1 

<45> £ 9^ £ 6°fl £^1€ ^>7l(204)^l>H, ^>^(217b)2l $1*1 ^sl-(d)«=Hl SM> 

^:(R)5l £5** <^r^ l>°fl ^71^1-^ 7ll#^ ftsty, BPMCbeam propagat ion metal ; ^ 
^ #^r) ^Hr^H^* -f-«fl Tfl^V^ ylJ2t}- 3°14. Sl^iM #4 ^o]7V 6.5/zm 
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1020030036189 %:% 2003/8/7 

, *Hl #^^:(no) ^2 ^-ir(ni)^ %\7\ 0.75% °\t±. o] 4^^, £^3. ■ 

£sH <^*fl 0.2dB^ £^o] S^HH, ^>7l(204)£] ^7} ^ 

x-i- 0.05dB O.OldB^ *fl<H*M ^^H^b «VA]-Tg(217b)^| ^s)- ^-§-^1 

(d 0 )^ 5.7pm ^] 12.6m^ ^H^^t ^n]- aV 

A>^(217b)^ ^^1 ^5}-(d)» A0^ °1^3. ^H*>7l <^7l n^l, ojsit!- 
(217b)^ ^ ^-g-^(do)^ ^sfl^l ^^r, ^ ^^71 <^4. o}^ 

tiVA>ig(217b)^ £S|-(d)» dd.2 m v}*\ 7%o] 7 } 7>^tb iSe^ZLefl^ ^^g- -f-sfl 

<46> £ 7ofl £A]^ aVA>7l^ ^12 £sj-s(233)Sl- *fl3 £43.(234)7} s.^ z^-£(e b ) 7 > 

10° vfl^l 40° #-¥-°1H *>M-^ ^ £.sl-S(243b)# ^ 

<47> £ 7ofl SAlS} tiVA> 71(204)^ ^^-(R)^- #71 7l ^ ^ , ^ (217b) *H 

45} §>7l^ <^*)-^ 3>°-3. ^2^4. 

<48> <* 2 sin 2 8 A 

7?=/? 0 exp[ 5 - ] 

3, ~ 2 cos 2 (e,/2) 

<49> <*|7HH ( Rq^ ^ ^ tiVA^, dxr ^7] 71*^ (217b) ^^1^1 ^ 

«}A>7l (204)^ ^ ^ e b ^ ^12 £-43.(233)2} *fl3 i^S. 

(234)7> °|-f-fe #JE3}se] ^ (MFD; mode field diameter)^ ^ 
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% 2003/8/7 



<so> #71 «>A>^(217b)^ S\n ^sKdH #7] *VA}7] (204)^1 x dB?} 

*1 ^l^, ^"71 ti_U}^(217b)£l ^sKd)^ ^-8-^Kd!)^ ^7)2) <^«H 4>S 



&-§- tilJEtl ^4 ^ol7> 6.5pm, S^sq- #2fl^^ ^-§r *>7> 0.75%, 

*fl2 £43.(233)21- ^]3 £sj-S(234)7> ^£7> 0 b 7}- 20 o< £ ^-f, ^>7](204)^ 

^7} ^-§- O.ldB *)H^-3^ <^n^ 4>°\] £|7i^ ti>A>^(217b)^| ^^1 

(d)^ 1.6/m olvfls. ^s^o) ^-cf. <4^ ; # 7 j alA>7l(204)^ 217b) 2} 

^5Kd)* H0.2/im^l ^^7> 7}^ g_^^ntfz\ ^-*H w>^-3i^cf. 

^ ^^^Til *iH«- *r 5£t11 sl^^. nJ-eM, ^sHl ^ «va>-§- 



<51> 




<52> 



£ 10£ S. 7°\) tiVA>7l(204)«Hl^, ^V^(271b)^ ^5}-(d)°fl ^-g- 
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1020030036189 #^ ^*}: 2003/8/7 

[^t 1 * 1] 

S-lr^l 91°]*], 

Mil °J ^1 7i ^ °g ^ £4^.^-; 
*fl ^ #7l ti_U>^^ 7 ]7^ ^-cfl f§s§& i^-*>fe «VA>7lsq-; 

#7l ^^51^ ^"71 «VA}7l5L ^^V^L, #7} *U> 7 1 

S.^] t A Jlt ^"71 #^ £.3*3.3. #^A]7l^ ^ £.3*3# ^wl^-i: ^ 

3 z>\±r #3^41 2-1:. 

2] 

*U %H1 

#7] S.3\-S,Q\- #^ 2°vfl*l 5° 3*1*} -8-71 ^ J£3*3<Hl 

^HJ -2-3 *}^r S-1-. 

31 

*H2 %H1 SU^I, 
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1020030036189 #^ 2003/8/7 

^7} 7)^ $1*1 ^5}-^ «l-§-*m ^3 <<r*M 5>*fl Sl^fl 31^ & ©lifls. 

=— — ^ cos 1 (2*10 x/10 -l) 

(do; ^71 7}^ $1*1 ifiaM «l-8-*l, a; no, # 7 1 



[3^8" 4] 

#7l #^ 10°^*1 40° zflES. ^*^7^ ^-71 JE43.°fl 



5] 

»i4 %hi 

7l^^ $1*1 ifiS^ ^l-§-*l^ Cf^-Sl <^*H] 6>«fl ^l«fl Tjl^ & 
*\] tb^* ^^-S. #^^1 2-1:. 

/ *w ? cos 2 (e t /2) 
* ^ -■>,-, ~* ' II luiog sm o. 
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1020030036189 #^ 2003/8/7 

(di; #71 71^^ fl^l x ; ^7> ig-^Hr cg^o. 

^^r w; sjei^jel ^ e b ; #7l sL^sq. ^ej £^17} o] 

[^t 1 * 6] 

^"71 aVA>#^ ^"71 7}Z\# ^Hl ^ HL^ %ZW±= 

[$^* 7] 

^71 ^ ^71 ^5(-7l^ ^^H, 

[^^8- 8] 

XI l 5a°H, 
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1020030036189 #=N H*}: 2003/8/7 

^7} 7}# >*oj) #Efl^ ^Ml^ul; 

^-71 #Efl^ # #ofl 4^71, ^71 <^ #^ £4S, ^ S3 

<£^°1 ^.2.3. ^ <# y <R* #4^1 2--1-. 

10] 

t^llt #^*>7lM- *fll £3}"^^- 3^3*3 %^l^lr* <U 

^•71 *fl2 ^ ^3.4] ^°\] f^llt «VA>A]7l 

«U>^ofl ^-Al^l- 0U>Al7l7lM- #71 *MHM1 ^sfl HVA>^ <03l71- #^>£] 
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[^t 1 ^ 111 

*fll0 %H1 9X°]*), 

<#7| *fl3 5L2l-5.£l ^<^1 #A]Jl ^#7l7> C] «a=^ # 

4-^1 2-1- . 



12] 

*fll0 

^7l ^12 ^ £^S2] #-^1 ^-Als ^#7l7> ^ 

#71 *fl3 £43.^1 ^r-M 3 ^-wl^-g: ^H) ^ #4^*1 3. 

H". 

13] 

#7l ^*Rr #7l tiVA^O.^. f^Jlf ^Aj-A] 7} 7]^, <#7] ^} 7 }S.^- 
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14] 

^113 %H1 5a°H, 

#7] *\}2 *ll3 2°xfl^l 5° ^£5. #7l <£4 S^S^l ^ 

^* ^-5.5. *Kr #3^41 5-1:. 



15] 

^=-r^ v cos- 1 (2*10- /10 -l) 

u 4n(n n -nJ 

7] v 0 17 

(do; 4 v 7l 7l7^ fl^l *l-8-*l, \; ^IJ: sH£, no, ni; *m #7) 



16] 

XI 13 %H1 5&°H, 
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<$7] £4^5} ^S.^ 10°vfl^l 40° z]"£S- #7l ^ 

17] 



(di; ^-71 7]7^ iflAi ^-§-*l, x ; ^7> <ga^ ^^^7l 
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